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Abstract 
There is little information about the influence of organic solvents for low water-solubility compounds on 
Photobacterium phosphoreum toxicity test, though it appears likely that much of data were obtained by using 
solutions prepared with the cosolvents or surfactants. In this study the influence of five stock solvents, including 
dimethyl sulphoxide (DMSO), acetone, aether, ethanol, tetrahydrofuran, on Photobacterium phosphoreum toxicity 
test were measured and different effective concentration (EC) values were obtained. DMSO was selected as the most 
suitable solvent of chemical compounds with low water-solubility according to its good characters and less toxicity 
effect to Photobacterium phospherum. Chlorobenzene and nitrobenzene, whose toxicity can be detected even if 
without any solvent, were selected to testify the effect of DMSO to toxicity of chemicals to Photobacterium 
phopherum. It was demonstrated that DMSO (its concentration no more than 0.20mol·L-1) had little effect on the 
toxicity of organic chemicals with EC value no more than 10%. The successful application of DMSO used as 
cosolvent provides a good example and a good idea to improve traditional acute toxicity test of Photobacterium 
phopherum. 
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1. Introduction 
As known that the number and variety of bioassays aiming at assessing and quantifying 
environmentally significant organic compounds are an ideal complement to the traditional analytical 
techniques employed in evaluating toxicological impact on the ecosystem in the environment. It is 
understandable that the development of microbial bioassays for the detection of pollutants is gaining 
increasing attention and significant advances [1, 2]. Among bioassays for the assessment of detrimental 
effects of pollutants in the aquatic environment, the luminescent bacteria test, which determines short-
term inhibitory effects of water contents on the emission of light, has achieved prominence. It has been 
established worldwide in laboratories because it has proved to be high sensitive, low costs, simple 
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manipulation and rapid responses for the evaluation of much different pollutant toxicity, however, the low 
water-solubility of many organic chemicals limited to obtain integrated toxicity data [3-6].  
Of approximately 850 chemicals for which Microtox toxicity data has been collated, 180 were claimed 
to be soluble in water to some extent [7]. It therefore appears likely that much of data was obtained using  
solutions that had been prepared with the cosolvents or surfactants. Considering there is little information 
about the influence of organic solvents on low water-solubility chemicals to Photobacterium 
phosphoreum in toxicity test, In this study the toxicity of five stock solvents, including dimethyl 
sulphoxide (DMSO), acetone, aether, ethanol, tetrahydrofuran (THF), were measured to Photobacterium 
phosphoreum and different effective concentration (EC) values were obtained. According solvent 
characters and their toxicity data to Photobacterium phosphoreum, DMSO was selected as suitable 
solvent to solve in obtaining the toxicity data of low water-solubility chemicals. This result was 
confirmed successfully in the application of toxicity test for chlorobenzene and nitrobenzene. 
2. Materials and methods 
2.1. Reagents and equipments 
The Microtox test instrument, Model toxicity analyzer DXY-2, was made by the Institute of Soil 
Science, Academia Sciences, Nangjing P. R. China; THZ-28 thermostatic oscillator made by 
Environmental Protection Instrument Factory, Taicang, Jiangsu; High atmospheric pressure bacterium-
destroy boiler; Thermostatic magnetic stirrer. 
The tested solvents and chemicals including diemthyl sulphoxide (DMSO), acetone, aether, 
tetrahydrofuran (THF), ethanol, nitrobenzene and chlorobenzene were analytic pure grade purchased from 
Beijing chemical reagent Company. All the chemical samples were freshly prepared in aqueous solution 
of 3% NaCl before measurement. Photobacterium phosphoreum (T3 mutation) was supplied in the form 
of freeze-drying powder by the Institute of Soil Science, Academia Sciences, Nangjing P. R. China. 
0.5g yeast juice, 0.5g trytone, 3g NaCl, 0.1g KH2PO4 and 0.3g glycerine were mixed in 100mi distilled 
water. The pH of the liquid culture was adjusted to 7.0±0.5. Solid culture medium was prepared by 
adding 1.5% agar in the culture liquid. Culture medium was bacterium-destroyed in the high atmospheric 
pressure bacterium-destroy boiler under 15 pounds atmospheric pressure for 30 minutes. 
2.2. Methods of test and statistics 
Photobacterium phosphoreum were stored at -20  and rehydrated prior to testing. The 15-min 
duration Microtox bioassay was carried out according to the China national standard test method GB/T 
1544-1995. Luminescence intensity was measured by a fluorescence detector, Model DXY-2. Different 
concentration values of each chemical causing different degree of bioluminescence inhibition to 
Photobacterium phosphoreum were tested. Then the concentration values causing less than 10% 
bioluminescence inhibition after 15 minutes exposure were obtained. It can be regarded as the 
concentration limit omitted the influence on the toxicity analysis [8]. The toxicity test was based on the 
fixed-ratio design so that the maximal information of concentration-response relationship of the mixture 
could be described, as was also designed in previous studies [9, 10]. 
The dose-response data from toxicity assays are normally presented in a graphica1 p1ot of the quanta1 
or continuous biologica1 response vs the toxicant concentration. The axes are often 1og-linear 
transformations of the concentrations and the response. All data analyses were carried out by Origin 6.1 
software with a confidence limit of 95%. The adequacy of the observed values was measured as the 
regression coefficient (R). 
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3. Results and discussion 
The low water-solubility of some organic chemicals was the limited factor in obtaining toxicity data 
and it was often difficult to decide on the most suitable concentrations that would span an inhibition range 
of 10-90% [11]. The maximum concentration that could be achieved without the use of solvents was too 
low to register any significant inhibition in the assays. It therefore appears likely that much of the 
reported toxicity data was obtained using solutions that had been prepared with the cosolvents. These 
effective concentration (EC) values should be treated with caution because solvents not only have toxic 
properties of their own but can dramatically affect membrane permeability and have pronounced 
synergistic or antagonistic affects [12, 13]. Five stock solvents, including dimethyl sulphoxide (DMSO), 
acetone, aether, ethanol, tetrahydrofuran (THF), were selected to test their influence on the toxicity to 
Photobacterium phosphoreum. Table 1 shows the characters of these solvents, and EC50 values to 
Photobacterium phosphoreum including observed toxicity values and literature values.  
Table 1. The physico-chemical characters and lgEC50 of five stock organic solvents. 
List Molecular Weight (g/mol) 
Water-Solubility 
(mg/L) 
Boiling 
Point 
( )
lgKow -lgEC50 (mol/L) 
-lgEC50* 
(mol/L) 
Aceto
ne 58.09 
Homogenous 
mixture 56.12 -0.24 0.9 0.979 
Aether 74.12 6.6×104 34.6 0.83 1.68 1.690 
THF 72.11 Homogenous mixture 66 0.46 1.9 1.684 
Ethan
ol 46.08 
Homogenous 
mixture 78.3 -0.32  0.585 
DMS
O 78.13 
Homogenous 
mixture 189   0.595 
Here * stands for the observed toxicity values to Photobacterium phospherum in this study.  
Data without the mark of * resulted from literature values. 
 
The order of toxicity magnitudes (EC50) to for five organic solvents was THF > Aether > Acetone > 
Ethanol > DMSO according to observed toxicity values and literature values. The toxicity of five stock 
solvents was assayed using Photobacterium phosphoreum and the dose-response linear regression 
equations for five organic solvents with R values exceeding 0.99 were listed in Table 2. According to 
regression equations, different EC values including EC5, EC10, EC15 were obtained and the results were 
shown in Fig. 1.  
Table 2. The toxicity testing results of five organic solvents to Photobacterium phosphoreum. 
List Regression equation R EC5 EC10 EC15 
Acetone Y=-8.459+555.342X 0.997 0.02424 0.03324 0.04224 
Aether Y=-18.054+4.588×103X 0.995 0.005025 0.006115 0.007204 
THF Y=-8.018 + 3.973×103X 0.999 0.003277 0.004535 0.005794 
Ethanol Y=-11.288 + 225.791X 0.998 0.07214 0.09428 0.1164 
DMSO Y=-9.723 + 97.196X 0.992 0.1515 0.2029 0.2544 
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Fig. 1. Study on the selection of organic cosolvents. 
From Fig. 1, it can be seen clearly that the toxicity of DMSO was far lower than other four organic 
solvents when the concentrations of five solvents were the same, and the concentration of DMSO was the 
highest when their inhibitions were the same. When the inhibition was 10%, the concentrations of acetone, 
aether, THF, ethanol, DMSO were 0.03324mol/L, 0.006115mol/L, 0.004535mol/L, 0.09428mol/L, 
0.2029mol/L respectively. In contrast, the toxicity of DMSO was minimal. So DMSO was selected as the 
most suitable solvent of chemical compounds with low water-solubility according to its good characters 
and relative low toxicity data to Photobacterium phosphoreum, and DMSO were added in the highest test 
concentration less than the concentration of 0.2 mol/L corresponding to EC10 value. Within the limit of 
concentration of DMSO, it is helpful to obtain satisfied toxicity data even though the organic chemicals 
have low water solubility. 
In order to confirm and apply the above result, Chlorobenzene and nitrobenzene, whose toxicity can be 
detected even if without any solvent, were selected to testify the effect of DMSO on toxicity of chemicals 
to Photobacterium phosphoreum. The test results were documented in Table 3. It was demonstrated that 
the standard errors (SE) of EC50 for the tested chemicals were no more than 2% when the testing 
concentration of DMSO was no more than 0.2mol/L. Both of the observed values are very close to the 
literature ones. DMSO has little effect on the toxicity of organic chemicals including hydrophobic 
compounds. The successful application of DMSO used as an effective cosolvent provides us with a good 
example and a good idea to improve traditional acute toxicity test of Photobacterium phosphoreum 
applied in the bioassay of hydrophobic compounds. 
Table 3. The toxicity testing results of chlorobenzene and nitrobenzene with DMSO or not. 
Chemicals 
-lgEC50 
Without 
DMSO DMSO (0.20mol/L) Literature [14] 
Chlorobenzene 3.532 3.601 3.86 
Nitrobenzene 3.244 3.296 3.26 
    
In view of concentration of EC10 of DMSO are far high than other four organic solvents and nearly 
didn t display toxicity to Photobacterium phosphoreum and its stable characters, DMSO was selected as 
test solvents to dissolve the organic chemicals with low solubility in water, and chlorobenzene and 
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nitrobenzene were selected to testify the effect of DMSO on toxicity of nitrobenzene and chlorobenzene 
with DMSO or without DMSO to Photobacterium phosphoreum. The results listed in table 3 shows that 
DMSO has no significant influence on the toxicity of two organic chemicals tested when the testing 
concentration of DMSO was no more than 0.2mol/L. The highest test concentration of DMSO that was no 
more than the concentration of 10% inhibition could satisfy the need of test for many low water-solubility 
chemicals and didn t nearly affect the toxicity of chemicals with low water solubility. 
4. Conclusions 
Solvent screening among dimethyl sulphoxide (DMSO), acetone, aether, ethanol, tetrahydrofuran on 
Photobacterium phosphoreum toxicity test was carried and different effective concentration (EC) values were 
obtained. DMSO was selected as the most suitable solvent of chemical compounds with low water-solubility 
according to its good characters and less toxicity effect to Photobacterium phospherum. It was demonstrated that 
DMSO (its concentration no more than 0.20mol·L-1) had little effect on the toxicity of organic chemicals with EC 
value no more than 10% by case analysis selecting chlorobenzene and nitrobenzene, whose toxicity can be detected 
even if without any solvent, to testify the effect of DMSO to toxicity of chemicals to Photobacterium phopherum. 
The successful application of DMSO used as cosolvent provides a good example and a good idea to improve 
traditional acute toxicity test of Photobacterium phopherum. 
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